Proper storage and handling of refrigerated ready-to-eat foods can help reduce the risk of listeriosis. A national Webbased survey was conducted to measure consumer awareness and knowledge of Listeria and to estimate the prevalence of the U.S. Department of Agriculture-recommended consumer storage and handling practices for frankfurters and deli meats. The demographic characteristics of consumers who are unaware of Lisieria and who do not follow the recommended storage guidelines were also assessed. In addition, predictive models were developed to determine which consumers engage in risky storage practices. Less than half of the consumers surveyed were aware of Listeria, and most of those aware were unable to identify associated food vehicles. Awareness was lower among adults 60 years of age and older, an at-risk population for listerjosjs, and individuals with relatively less education and lower incomes. Most households safely stored and prepared frankfurters. Most households stored unopened packages of vacuum-packed deli meats in the refrigerator within the U.S.
meats (9 CFR 430.4) (12) . However, complete elimination of L. inonocvtogenes remains a challenge for food manufacturers.
A quantitative risk assessment for foodborne L. monocytogenes among selected categories of RTE foods showed that keeping refrigerated foods stored at 40°F or lower and consuming refrigerated RTE foods as soon as possible can reduce the risk of illness from L. monocvtogene,v by more than 50% (38) . Although the growth rates of this organism vary widely as a function of both product formulation and storage temperatures, the USDA recommends storing refrigerated RTE foods at 40°F (4.4°C) or lower for short safe, time limits to help keep foods from spoiling or becoming dangerous (36) . For example, the USDA-recommended refrigerated (40°F) storage times for opened and unopened packages of frankfurters are 7 and 14 days. respectively. For deli meats, the recommended storage periods (40°F) are 5 and 14 days for opened and unopened packages, respectively. Considering an average exponential growth rate for L. monocvtogenes of 0.28 log CFU/g per day at 41°F (5°C) for nonfermented deli meats and 0.13 log CFU/g per day for frankfurters (38) , following the USDA recommendations for opened packages should limit growth of L. lnonocvtogenes in the home so as not to exceed an increase of 2 log CFU/g. However, the L. mono kkl pact of temperature on the risk of lislertosis was si g nificantly greater than the impact of tunic. For example, it consumer refrigerators could be maintained at 5°C (41'F) or lower, the estimated incidence of listeriosis could be expected to be reduced by greater than 98% (38) .
The L. jnonocvto genes risk assessment identified several research needs, including the need for information related to consumer food preparation, storage, and consumption practices (38) . A recent review of consumer food safety studies revealed a lack of information on consumer homerefrigeration practices (20) . Consumer storage conditions and practices are highly varied and can generally either contribute to or substantially reduce the risk of foodborne illness due to L. ,nonOCVtogefleS. Thus, better data on consumer storage and handling of refrigerated RTE foods is critical for evaluating the exposure potential and health risks associated with L. inonocto genes.
Because L. monocvtogenes has recently become a public health concern, there may be limited awareness of the pathogen among consumers. A national survey conducted in 1993 found that less than 10% of respondents were aware of Lisreria, and only 1% was able to correctly identify a food vehicle for the pathogen (2) . This lack of awareness may prevent consumers, especially those at risk, from taking proper precautions when handling RTE foods.
This study was conducted to evaluate consumer awareness and knowledge of Listeria and to estimate the frequency of following USDA's recommended consumer storage and handling practices for two frequently eaten RTE foods in the United States-frankfurters and deli (luncheon) meats. The demographic characteristics of consumers who are unaware of Ljsteria and who do not follow the recommended storage guidelines for frankfurters and deli meats were also assessed. Finally, predictive models were developed to determine which consumers engage in risky storage practices for frankfurters and deli meats.
MATERIALS AND METHODS
A national survey of U.S. adults was conducted using a Webenabled panel survey approach. RTI International's Committee for the Protection of Human Subjects, which serves as RTI International's Institutional Review Board, reviewed and approved the study protocol. Prior to survey administration, the survey instrument was evaluated by eight individuals using cognitive interviewing techniques (39) and subsequently refined.
Sample. We surveyed a nationally representative sample of the U.S. population 18 years of age and older. We selected our sample from a Web-enabled panel developed and maintained by Knowledge Networks (Menlo Park. Calif.), a survey research firm. The Web-enabled panel is designed to be representative of the U.S. population (10) and is based on a list-assisted, random-digitdial sample drawn from all 10-digit telephone numbers in the United States. Households that do not have telephones (approximately 2.4 17( of U.S. households) (31) are not covered in the sample. As part of a household's agreement to participate in the panel, it is provided with free hardware (an Internet appliance that conIlects to a television) and free Internet access. All new panel members are sent an initial survey that collects information on a wide variety of demographic characteristics to create a member profile.
A total of 1,696 individuals 18 years of age and older were randomly selected from the panel of 27.098 individuals. The surve y was sent via e-mail to the selected individuals. Two e-mail reminders were sent, and a telephone call was made to nonrespondents to encourage participation. We received a total of 1.212 completed surveys (71% completion rate).
Questionnaire. The questionnaire was designed to collect information on consumers awareness and knowledge of foodborne pathogens, consumers' perceptions of who has responsibility for and control over the safety of the U.S. food supply, and home storage and handling practices for frankfurters and deli meats.
Respondents were asked about their awareness of various foodborne pathogens. Instead of using the scientific names for the pathogens, the questions used the common name that would be more familiar to respondents. Respondents who had heard of Salmonella and/or Listeria were asked to list the foods they consider most likely to contain the bacterium.
The questions were openended, and the responses were coded into food categories.
Respondents were asked about their perceived level of responsibility for and control over ensuring the safety of the U.S. food supply at different points in the fanri-to-table continuum (U.S. government, farmers, food manufacturers, supermarkets, restaurants, and consumers). A five-point Likert scale was used, with I equal to 'no" responsibility and control and 5 equal to "a lot" of responsibility and control.
A series of closed-ended questions were used to collect information on home storage and handling practices for frankfurters and deli meats. For each product, we asked about storage time for unopened and opened product because L. m000cvto genes grows at refrigerated temperatures and opened packages may contribute to cross contamination. For frankfurters, we also collected information on whether the product was stored in the freezer and whether the product was heated prior to consumption.
To encourage respondents to report their actual behavior rather than their usual behavior, the questionnaire asked respondents about storage and handling practices for the last time the product was purchased for home consumption. Additionally, by asking about the actual storage time the last time the product was purchased for home consumption, we obtained a distribution of values for storage time, including the minimum, most likely, and maximum.
Weighting procedures. The survey data were weighted to reflect the selection probabilities of sampled units and to compensate for differential nonresponse and undercoverage (17) . Because respondents provided information on storage and handling practices for their household, it was necessary to develop householdlevel weights in addition to individual-level weights. The appropriate weight was applied, depending on the survey question and type of analysis conducted.
The individual-level weights were based on the inverses of their overall selection probabilities, with adjustments for multiple telephone lines, selection of one adult per household, nonresponse, and household size. Data on age, gender, race, region. education, and metropolitan status from the December 2002 Current Population Survey (31) were used in a poststratification weighting adjustment.
To develop household-level weights, we divided the individual-level weights by the number of adults in the household. Household-level weights were then created by weighting survey responders to March 2002 Census data (32) on household composition by using a raking procedure (25) . The raking variables were household size, race of head of household, and presence of children younger than 6 years old. To calculate the final weights, weighted sample distributions along various combinations of these variables were derived. Similar distributions were calculated using Census data. For each demographic variable (e.g., race), a proportional adjustment was made to the weight of respondent members for each level (e.g., Hispanic Caucasian and non-Hispanic Caucasian) to make the total weighted sample size for that level equal to that of the United States (Census totals). This raking process was repeated iteratively for all demographic variables until there was convergence between the weighted sample and benchmark Census totals .. Collapsing of some raking cells was necessary.
Descriptive analysis. Frequencies for each survey question were calculated with the SAS version 8 software package (26) by using the appropriate survey weights. Questions concerning consumers' knowledge and perceptions used the individual-level weights. Questions on home food storage and handling practices used the household-level weights because respondents provided information on household practices. Respondents who never shop for groceries for their household and/or never prepare evening meals at home (n = 212) were excluded from the frequency calctilations for these questions because they would likely have limited information about household food storage and handling practices.
We compared the characteristics of consumers who are aware with those who are unaware of Listeria. We included the following sociodemographic variables in the analysis: gender, education level. age, race and ethnicity, household income, and level of urbanization (metropolitan versus nonmetropolitan) based on the metropolitan statistical area for the household. We also included separate variables to describe whether a household member is at risk for listeriosis or other foodborne illnesses (child 5 years of age or younger; individual with a weakened immune system, diabetes, or kidney disease; individual 60 years of age or older: and pregnant woman). As a measure of the respondents' experience with grocery shopping and cooking, we included variables to describe whether the respondent sometimes shops for groceries or cooks meals.
We compared the characteristics of households that reported following the recommended storage practices for frankfurters and deli meats with those that did not. Respondents who never shop for groceries for their household and/or never prepare evening meals at home (n = 212) were excluded from this analysis. We included the following sociodemographic variables in the analysis: gender of respondent, education level of respondent. age of respondent, race and ethnicity of respondent, household size (one person versus more than one person), household income, and level of urbanization for the household. We also included variables to describe whether a household member is at risk for listeriosis or other foodborne illnesses (separate variable for each at-risk population). We also included a variable on awareness of Listeria because individuals aware of Li.steria may be more likely to follow the recommended storage guidelines. We performed a chisquare test for the relationship between the variable of interest and various sociodemographic and other variables. This analysis was conducted with the Stata release 8.2 software package (29) .
Predictive analysis. To identify predictors of risky storage practices for frankfurters and deli meats, we estimated a binomial logistic regression model with the Stata release 8.2 software package (29) . The logistic regression model assesses the effect of each characteristic on the likelihood of storing the product outside the recommended storage guidelines while controlling for all other variables (13) . Respondents who never shop for groceries for their household and/or never prepare evening meals at home (n = 212) were excluded from this analysis. The dependent variable was defined as whether the respondent stored the product of interest within or outside the recommended storage guidelines. We included the following as independent variables: gender, education, age, race and ethnicity, household size, household income, level of urbanization, whether a household member is at risk for listeriosis or other foodborne illnesses (separate variable) for each atrisk population, and whether the respondent reported awareness of Lisreria.
In addition, variables were included to measure respondents' perception of the level of responsibility and control different entities have for the safety of the U.S. food supply. First, we defined two separate variables to measure the perceived level of responsibility and control of consumers themselves. For each respondent, we assig ned a value of 0 if the respondent answered 1, 2, or 3 (i.e., consumers do not have "a lot" of responsibility or control) and a value of 1 if the respondent answered 4 or 5 (i.e., consumers have "a lot" of responsibility or control). Second, we defined two separate variables to measure the perceived level of responsibility and control of entities other than the consumers themselves. For each respondent, we calculated the average response for the five nonconsumer entities (U.S. government, farmers, food manufacturers. supermarkets, and restaurants). A value of 0 was assigned if the respondent's average response was less than or equal to the median of the average response for all respondents (i.e.. entities other than consumers do not have a lot of responsibility or control) and a value of I if his or her average response was greater than the median of the average response for all respondents (i.e.. entities other than consumers have a lot of responsibility or control). Table I provides the demographic characteristics of the respondents. Of the 1,212 respondents, 52% were women.
RESULTS
The majority of respondents were white. non-Hispanic (73%). More than 50% of respondents had some college education or a bachelor's degree or higher. Nearly 60% of respondents reported that at least one individual in the household is considered at risk for foodborne illness. About 85% of respondents reported shopping for groceries and preparing and eating evening meals at home at least some of the time.
Awareness and knowledge of foodborne pathogens. Table 2 presents the results of the weighted analyses for consumer awareness and knowledge of foodborne pathogens. Awareness was hi ghest for Escherichia coli and Salmane/la, with 94% of consumers reporting having heard of these pathogens. Less than half reported awareness of Litter/a (44%). cainprlohacter was the least recognized of the five pathogens (11%) asked about in the survey.
Most consumers aware of Sn/mane/fm, correctly identified one or more food vehicles. However, over two-thirds of consumers who reported awareness of Listeria were unable to identify a food vehicle. Five percent or less correctly identified fruits or vegetables, seafood, cheese, milk, and processed meats as likely food vehicles for Listeria. Some consumers had the misconception that raw meat (17%) and poultry (3%) are likely food vehicles for Listeria. Table 3 compares the sociodemographic characteristics of consumers who are aware of Li.s'terja to those who are unaware. Awareness of Lisreria was generally lower among respondents with relatively less education and Tower incomes. a Analysis was conducted using individual-level weights (n = 1,212).
Awareness of Listeria was lower aiTi()flg seniors (^60 years) compared with individuals younger than 60. Awareness varied signilicantly by race and ethnicity, with awareness higher among white. non-Hispanic individuals. Respondents with young children in the household had a higher awareness of Lisieria, and respondents with an older adult in the household had a lower awareness of Listeria.
Awareness was also higher among individuals who shop for groceries and cook meals at least some of the time compared with that of individuals who never shop for groceries and cook meals. It is of interest to note that there was no difference in awareness amon g individuals with a household member who is immunocompromised or pregnant. both of which are considered at-risk populations for lisleriosi s.
Perceptions of responsibility for and control over the safety of the U.S. food supply. Table 4 presents consumers' perception of the level of responsibility and control Reported storage and handling practices for frankfurters and deli meats. Table 5 presents the estimated percentage of households that reported following the USDA's recommended storage and handling practices for frankfurters and deli meats. For households that stored frankfurters in their home refrigerator. 96% stored unopened packages for the recommended time of 14 days. For households that stored opened packages of frankfurters. 87% stored them in their home freezer after opening, stored them in the refrigerator for the recommended time of 7 days. or discarded the uneaten product. Nearly all households reported reheating frankfurters before consumption the last timethey prepared them as recommended by the USDA (34) . For households that purchased vacuum-packed deli meats. 97% stored unopened packages in their home refrigerator for the recommended time of 14 days. Fewer households (59 1 Y) stored opened packages for the recommended time of 5 days or discarded the uneaten product. For households that purchased freshly sliced deli meats, 66% reported storing the product in their home refrigerator for the recommended time of 5 days. Table 6 compares the characteristics of households that stored unopened and opened packages of frankfurters and deli meats within the USDA-recommended storage guidelines to those that did not follow the guidelines. The prev- alence of storing frankfurters outside the recommended guidelines was significantly higher among households in which the respondent was male (P = 0.012) and among households in metropolitan areas compared with nonmetropolitan areas (P = 0,020). The prevalence of storing frankfurters outside the recommended guidelines varied significantly by education level (P 0.028) the findings suggest that adherence to the guidelines was lower among households in which the respondent had some college or a bachelor's degree or higher. Regarding deli meats, the prevalence of storing deli meats outside the recommended guidelines was significantly higher among households in which the respondent was male (P = 0.0002). The prevalence of storing deli meats outside the recommended guidelines varied significantly by age of the respondent (P = 0.009). The findings suggest that adherence to the guidelines was lower among households in which the respondent was aged 18 to 29 or 45 to 59 years compared with other age groups. Of particular concern is the finding that the prevalence of storing deli meats outside the recommended guidelines was significantly higher among households in which there was a pregnant woman (P = 0.042), an at-risk population for listeriosis. Table 7 presents the results of the logistic regression analysis for storing unopened and opened packages of frankfurters and deli meats outside the USDA-recommended storage guidelines. Men are 2.5 times more likely than women to store frankfurters outside the recommended Analysis was conducted using individual-level weights (nt,2 12).
guidelines (P = 0.000). The findings suggest an inverse relationship between education and the likelihood of following the USDA-recommended storage guidelines: that is, the more educated the individual, the less likely the individual is to follow the recommended guidelines. For example, individuals with a college degree are 6.1 times more likely than those without a high school education to store frankfurters outside the recommended guidelines (P = 0.007). Individuals livin g in metropolitan areas are 6.8 times more likely than individuals living in nonmetropolitan areas to store frankfurters outside the recommended guidelines (P = 0.001). Although not significant at the P = 0.05 level, the findings suggest there may be a relationship between certain age categories and the likelihood of storing frankfurters outside the recommended guidelines, with individuals 18 to 29 years more likely to store frankfurters outside the guidelines compared with individuals 60 years or older (odds ratio [ORI = 2.630. P = 0.086).
Regarding deli meats, men are 2.1 times more likely than women to store deli meats outside the recommended guidelines (P = 0.000). Although not significant at the P = 0.05 level, the findings suggest there may be a relationship between age and the likelihood of storing deli meats outside the recommended guidelines, with individuals 18 to 29 years more likely to store deli meats outside the guidehues compared with individuals 60 years or older (OR = 2.13, P = 0.070). It is worth noting that individuals with a pregnant woman in the household may be more likely to store deli meats outside the recommended guidelines compared with households without pregnant women (OR = 2.19, P = 0.073).
DISCUSSION
An analysis of the survey results shows that gender, education, age, urbanization, and pregnancy status were sig- The storage times are based on recommendations from the USDA (36) . ' Analysis was conducted using household-level weights: n = 915 for frankfurters, and n 903 for deli meats. The percentages were estimated for respondents who reported purchasing the food product.
nificant determinants of whether or not an individual engaged in risky storage practices for frankfurters and deli meats.
Awareness and knowledge of Listeria. Despite limited awareness of Listeria (44%), many respondents are following the recommended storage guidelines for frankfurters and deli meats. According to national surveys conducted by the U.S. Food and Drug Administration (FDA), awareness of Listeria is increasing (35) . The percentage of consumers aware of Li.steria increased from 9% in 1993 to 14% in 1998 and then doubled to 31% in 2001. This increase in awareness may be due to media coverage of Listeria outbreaks between 1998 and 2000 (8, 9) . Although awareness of Lisreria is increasing, it is still much lower than awareness of E. coli and Salmonella. Also, we found that most individuals who were aware of Listeria had limited knowledge about the pathogen and were unable to identify possible food vehicles. Thus, a need to educate consumers about Lisieria and possible food vehicles exists, so consumers will know to safely handle and store RTE foods such as frankfurters and deli meats to help prevent listeriosis.
We found that awareness of Listeria is lower among seniors (^-_60 years) compared with individuals younger than 60. This finding is of particular concern because seniors are an at-risk population for listeriosis. We found that awareness of Li.steria is higher among households with young children compared with households without young children. Although young children are not an at-risk population for listeriosis, they are an at-risk population for oth- Analysis was conducted using household-level weights for respondents who purchase the product, shop for groceries, and cook meals; n = 887 for frankfurters, and ii = 861 for deli meats .. The USDA recommends storing unopened packages of frankfurters for 14 days and opened packages for 7 days. The USDA recommends storing unopened packages of deli meats for 14 days and opened packages for 5 days (36).
"P of x2 test.
Cr foodborne illnesses. We found that awareness of Listeria that food manufacturers and restaurants have a lot of reis generally lower among those with relatively less educasponsibility for and that food manufacturers have a lot of tion and lower incomes, but individuals with more educacontrol over ensuring the safety of the U.S. food supply.
tion generally had poorer storage practices compared with Consumers and farmers were viewed as not having a lot of those with less education, responsibility for and control over ensuring the safety of
Perceptions of responsibility for and control over the U.S. food supply. In national surveys conducted by the the safety of the U.S. food supply. Respondents believed FDA, respondents reported that they believe foodborne ill- "Analysis was conducted using the individual-level weights for respondents who purchase the product, shop for groceries, cook meals, and have complete information for all variables in model; n = 834 for frankfurters, and n = 813 for deli meats. The USDA recommends Storing unopened packages of frankfurters for :!^ 14 days and opened packages for 7 days. The USDA recommends storing unopened packages of deli meats for ^14 days and opened packages for 5 days (36).
ness most likely stems from food handling procedures in food manufacturing plants and restaurants rather than in their homes (35) . These findings suggest that consumers worry more about how food products are handled prior to purchase than about how they are handled at home. Consumers' belief that food manufacturers and restaurants have the most responsibility for and control over the safety of the food they eat might reduce their level of concern for food safety. As a result, consumers may not be motivated to follow the recommended safe practices for storing, handling, and preparing food at home. For example, in focus groups with pregnant women, researchers found that participants expressed confidence in their ability to safely handle and prepare food at home. However, many participants did not always follow safe practices when cooking at home (e.g., did not refrigerate leftovers immediately or did not use a food thermometer to check the doneness of meat) (33) .
Adherence to recommended storage and handling practices for frankfurters and deli meats. We found that most households safely stored and prepared frankfurters. The percentage of consumers reheating frankfurters prior to consumption appears to be increasing. In a survey sponsored by the American Meat Institute Foundation in 2001, 72% of respondents surveyed said they always reheat their frankfurters prior to consumption (4). In our survey, 99% of households reported reheating frankfurters the last time they were prepared. Most households reported storing unopened packages of vacuum-packed deli meats in their home refrigerators within the USDA-recommended storage guidelines of 14 days; however, about two-thirds of households reported storing opened packages of vacuumpacked deli meats and freshly sliced deli meats in their refrigerators for longer than the USDA-recommended time of 5 days. Because L. Inonoc -ytogenes can grow at refrigerated temperatures, it is important that these products are not stored for longer than the recommended time and then consumed. Some consumers may rely on product dates to guide decisions about storage time. Currently, there is no uniform or universally accepted food product dating system in the United States (16) . Some manufacturers voluntarily provide a sell-by or use-by date (5); however, these dates are generally established by manufacturers to indicate a product's shelf life and are not meant to be indicators of microbiological food safety. Interest in establishing safetybased dates has increased in response to the L. nionocytogenes action plan. The federal government is currently exploring the feasibility of establishing safety-based use-by dates for refrigerated RTE foods, such as frankfurters and deli meats (37) .
We found that men are more likely than women to store frankfurters and deli meats outside the recommended storage guidelines. Other researchers have similarly found that unsafe food handling practices and risky food consumption practices were reported more often by men (2, 3, 19) . The findings also suggest that relatively less-educated individuals are more likely to follow the recommended storage guidelines for frankfurters compared with individuals with more education: however, a similar finding was not observed for deli meats. This is consistent with the findings of other researchers that the prevalence of risky food handling and food consumption practices generally increased with increased education (3, 19) . We found that individuals living in metropolitan areas are more likely to store frankfurters outside the recommended storage guidelines, but we did not observe this finding for deli meats. Other researchers have found that individuals living in metropolitan areas had lower use of some food safety practices compared with individuals living in nonmetropolitan areas (19) . Additional research is needed to understand why storage practices vary based on these demographic characteristics.
The strengths of the present study include the large sample size and nationally representative survey design. Limitations of the study include the small sample sizes for populations at risk for listeriosis, such as seniors and pregnant women. Also, the logistic model of deli meats storage practices used the combined results for vacuum-packed deli meats and freshly sliced deli meats because of the small sample sizes. Combining the two products may have contributed to the lack of a statistical relationship between storage practices and some of the variables included in the model. Finally, our study used self-reported behaviors which may not reflect actual practices (20) . When completing surveys, people tend to report their usual behavior rather than their exact behavior (14) . For example, Lessler (15) found that when asked how many times they visited the dentist last year, people tended to report the usual pattern of two visits, rather than the number of times they actually visited the dentist. Likewise, when reporting dietary intake over a period of days or weeks, people tended to report what they think they usually eat, rather than recalling what they actually ate (28) . To help minimize self-reporting bias, we asked respondents to consider what they actually did the last time they purchased the product; thus, we were more likely to elicit respondents' actual behavior instead of their knowledge of recommended storage times or their usual practice. This approach is used in the National Longitudinal Study of Adolescent Health (30) to collect information on sensitive behaviors such as sexual practices and drug use.
In summary, educational initiatives on listeriosis prevention are needed; in particular, there is the need to develop initiatives targeted at seniors and those with limited income and higher levels of education. Enhanced education efforts on listeriosis prevention should continue to target pregnant women (7) . Educational efforts should inform atrisk populations about the risks of listeriosis and practices to mitigate these risks. Knowledge of the consequences of unsafe practices can motivate consumers to follow the recommended practices (6) . Specifically, consumers need to be educated about the recommended storage times for unopened and opened packages of frankfurters, deli meats, and other refrigerated RTE products. Because both storage time and temperature are important, the need to educate consumers about the proper refrigerator temperature and the use of refrigerator thermometers cannot be overemphasized. 
